A review of the published evidence reinforces the conclusion reached by Pauling and Coryell in 1936 (Proc. Nat]. Acad. Sci. USA 22,[210][211][212][213][214][215][216]) that oxyhemoglobin in blood or in solution at 200 has zero magnetic moment and fails to support a recent contradictory suggestion based on magnetic susceptibility of frozen samples at temperatures below 250 K. Predicted values of bond lengths and bond angles for carbonmonoxyhemoglobin and oxyhemoglobin are given.
The problem of the electronic structure of hemoglobin and its derivatives and in particular of the nature of the bond between the iron atoms and the attached oxygen molecules in oxyhemoglobin remains only partially solved and continues to attract the attention of researchers. A basic contribution was made in 1936 when it was reported that oxyhemoglobin and carbonmonoxyhemoglobin have zero magnetic moment and hemoglobin has a magnetic moment corresponding to four unpaired electrons with parallel spins for each heme iron atom (1) . This observation, which permitted an illuminating discussion of the electronic structure of hemoglobin and its derivatives to be presented (1), has been accepted for 40 years. A study has recently been published, however, that contradicts the earlier result; the investigators concluded that oxyhemoglobin was shown by their observations not to be diamagnetic above 50 K, but instead to have the magnetic moment corresponding to two parallel electron spins for each FeO2 group (2) . The structural interpretation given this property is that one unpaired electron is to be assigned to the 0-0 bond and the other to the Fe-O bond and that there is a weak antiferromagnetic coupling between their spins. It (4) .
The recent study of human carbonmonoxyhemoglobin and oxyhemoglobin (2) was made on samples that were frozen at liquid-helium temperature. The magnetic susceptibility was measured through the range 30-250 K and the values for oxyhemoglobin were fitted by a computer to an equation based on the assumption of equilibrium between a singlet state for FeO2 with magnetic moment zero and a triplet state with magnetic moment corresponding to two parallel electron spins. There were three adjustable parameters as follows: an additive term to the susceptibility in order to extrapolate at infinite temperatures to the observed value for carbonmonoxyhemoglobin, a term proportional to T-', attributed to dissolved oxygen and ferrihemoglobin impurity, and the singlet-triplet separation.
The value of the singlet-triplet separation, 1.72 kJ mol' (referred to heme), is far smaller than would be expected for two electrons as close together as the iron atom and the oxygen molecule in the FeO2 group. I think that when the oxyhemoglobin solution was frozen in liquid helium most of the water separated as nearly pure ice, leaving a largely dehydrated oxyhemoglobin phase, which may be metastable at temperatures below 40 K and partially dissociated at higher temperatures. The maximum molar susceptibility attributed by the investigators to FeO2 was 2900 X 10-6c.g.s.u. at 125 K. This value could result from about 10% dissociation of the oxyhemoglobin to oxygen and high-spin hemoglobin or from about 40% dissociation to oxygen and a form of hemoglobin with zero magnetic moment. Whatever the explanation of the reported magnetic properties of frozen solutions of oxyhemoglobin, it is not justified to draw from these experiments any conclusions about oxyhemoglobin in blood or in solution at room or body temperature.
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